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EXTENDED OPERABILITY 
AIRCRAFT FUEL DELIVERY SYSTEM 

BACKGROUND OF THE INVENTION 

[0001] This invention generally relates to a fuel delivery system for an aircraft 
turbine engine, and specifically to a fuel delivery system including a fuel de-aerator for 
removing dissolved gasses within fuel prior to entering a main fuel pump. 

[0002] A fuel delivery system for a gas turbine engine typically includes a tank 
boost pump that pumps fuel from a fuel tank to a two-stage main fuel pump. The main fuel 
pump typically includes a centrifugal stage and a positive displacement stage. In most 
applications, the main fuel pump and tank boost pump are driven by an engine drive shaft. 
The main fuel pump centrifugal stage supplies necessary pressure to the inlet of a positive 
displacement gear stage. Pressure at the inlet of the gear stage is required to fill the cavities 
of the gear pump with fuel as the gears rotate. Gears rotate at a constant rotational speed to 
provide a constant flow of fuel to a fuel-metering device. The fuel-metering device receives 
flow from the main fuel pump at a constant rate independent of system backpressure. The 
fuel-metering device controls the flow rate of the fuel that is delivered to the engine. At 
lower flow rates the excess fuel flow at the fuel-metering device is bypassed back to the gear 
pump inlet. 

[0003] The fuel system for the turbine engine is limited by the range of fuel flow 

rates that are capable of supplying a net positive suction pressure required in the centrifugal 

stage of the main fuel pump. The net positive suction pressure defines the minimum total 

pressure required at the pump inlet for the pump to operate without cavitating. Cavitation 

results when the pressure along the pump vane drops low enough for dissolved gases to form 

vapor bubbles. The pressure increases as the fluid flows along the pump vane causing the 

vapor bubbles to collapse. Cavitation in the pump is not desirable because the collapsing 
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vapor bubbles can cause excessive noise and vibration at the main fuel pump. De-aerating the 
fuel delays the onset of cavitation, thereby increasing the range of fuel flows that can be 
delivered by a fuel system to a gas turbine engine without altering the design of the fuel 
pump. 

[0004] Fuel stored in the fuel storage tank is in direct contact with air and 
accumulates a quantity of dissolved gases that are mostly oxygen and nitrogen. Static 
pressure of the fuel is reduced as the fuel flows through the system causing dissolved gases to 
be released from the fuel forming vapors that flow along with the liquid fuel. 
Disadvantageously, dissolved gases within the liquid fuel increase the net positive suction 
pressure required at the main pump inlet. 

[0005] Accordingly it is desirable to design a fuel delivery system that includes a 
device for removing gases from fuel prior to entering the main pump inlet to reduce the 
required net positive suction pressure thereby suppressing cavitation and increase the range of 
operable fuel flow rates. 

SUMMARY OF THE INVENTION 

[0006] This invention is a fuel delivery system for a gas turbine engine that 
includes a fuel de-aerator for removing dissolved gases from the fuel prior to entering the 
inlet of a main fuel pump. 

[0007] The fuel delivery system of this invention includes a two-stage main fuel 
pump. The two-stage main fuel pump includes a centrifugal stage and a positive 
displacement stage. Fuel to the centrifugal stage of the main fuel pump must be supplied at 
or above a required net positive suction pressure. The net positive suction pressure is 
supplied to the inlet of the main fuel pump by a tank boost pump. 
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[0008] The fuel within the fuel tank absorbs gases through its contact with air. 
Dissolved gases release and form a fuel vapor that flows along with the liquid portion of the 
fuel. A fuel de-aerator is disposed between the tank boost pump and the main pump inlet for 
removing dissolved gases from the fuel. The fuel de-aerator includes a permeable membrane 
in contact with the fuel flow. The permeable membrane is supported on a porous backing. A 
partial pressure differential across the permeable membrane is created to draw dissolved 
gases from the fuel across the permeable membrane and away from the fuel flow. The gases 
removed from the fuel are then exhausted from the fuel delivery system. The resulting fuel 
that is pumped to the main pump inlet includes a substantially reduced amount of dissolved 
gases. The reduction in dissolved gases increases the range of operation of the fuel system by 
decreasing the required net positive suction pressure at the main pump inlet. 

[0009] Accordingly, the fuel system of this invention includes a fuel de-aerator 
for removing gases from the fuel to eliminate vapor formation and decrease the required net 
positive suction pressure to provide an increased range of fuel flow rates. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0010] The various features and advantages of this invention will become 

apparent to those skilled in the art from the following detailed description of the currently 
preferred embodiment. The drawings that accompany the detailed description can be briefly 
described as follows: 

[0011] Figure 1 is a schematic view of a gas turbine engine and fuel delivery 
system according to this invention; 

[0012] Figure 2 is a graph representing the relationship between fuel flow and net 
positive suction pressure for air saturated and de-aerated fuel; 
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[0013] Figure 3 is a cross-sectional view of a fuel de-aerator according to this 
invention; 

[0014] Figure 4 is a cross-sectional view of another fuel de-aerator according to 
this invention; and 

[0015] Figure 5 is a cross-section of a permeable membrane according to this 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
[0016] Referring to Figure 1, a gas turbine engine assembly 10 is schematically 
shown and includes a compressor 14, a combustor 16, and a turbine 18. The compressor 14 
draws in air 20 and compresses the air to a high pressure. The high-pressure air is mixed 
with fuel in the combustor 16 and ignited. Hot combustion gases 22 resulting from the 
ignited fuel drive the turbine 18. A Fuel delivery system 12 supplies fuel 40 to the combustor 
16. Removing dissolved gasses within the fuel with a fuel de-aerator 28 optimizes a range of 
flow rates of fuel from the fuel delivery system 12. 

[0017] The fuel delivery system 12 includes a fuel-metering unit 29 that receives 
fuel from a main pump 30. The main pump 30 includes a centrifugal pump 36 that supplies 
fuel at pressure to an inlet 34 of a gear pump 38. The gear pump 38 supplies fuel at a 
constant flow rate to the fuel-metering unit 29. Fuel flow 40 from the gear pump 38 remains 
constant regardless of system 12 backpressure. Excess fuel flow is routed through a bypass 
passage 41 back to the inlet 34 of the gear pump 38. 

[0018] The gear pump 38 includes meshing gears that rotate to compress and 
drive fuel to the fuel-metering unit 29. The centrifugal pump 36 supplies fuel flow to the 
gear pump 38 to fill cavities between the gears as they rotate. The fuel-metering unit 29 
controls fuel flow to the combustor 16 of the turbine engine assembly 10. Performance of 
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the turbine engine assembly 10 is limited by the range of operable flow rates provide by the 
fuel delivery system 12. 

[0019] The limiting factor for the flow rates of the fuel delivery system 12 is a net 
positive suction pressure required at the inlet 34 of the gear pump 38. The net positive 
suction pressure defines the minimum fuel pressure required for operation of the pump 38 
without causing cavitations. Normal operation of the gear pump 38 requires the actual net 
suction pressure available at the inlet 34 to be greater than a minimum value. A tank boost 
pump 26 provides a constant fuel pressure to an inlet 32 of the centrifugal pump 36. The 
constant fuel pressure at the centrifugal pump 36 enables the centrifugal pump 36 to supply 
fuel at the net positive suction pressure to the inlet 34 of the gear pump 38. Although fuel 
flow and pressure at the inlet 34 is nearly constant, the flow rates through the main pump 30 
vary in response to demands by the in a fuel -metering unit 29. At high flow demands the 
pressure at the inlets 32, 34 decreases resulting in a reduction in the net positive suction 
pressure. The fuel flow is limited by this reduction in net positive suction pressure. 

[0020] The minimum net positive suction pressure is greater for air saturated 
liquid fuel than for de-aerated liquid fuel. The greater net positive suction pressure 
requirements are caused by dissolved gases within the fuel. Exposure to air, such as within 
the fuel tank, allows gasses to dissolve into the fuel. The static pressure drops as fuel flows 
from an outlet of the fuel tank 24 to the main fuel pump inlet 32. The reduction in static 
pressure causes vaporization of dissolved gasses and light hydrocarbons. The presence of 
dissolved gasses with the liquid fuels increases the minimum required net positive suction 
pressure. The elevated minimum net positive suction pressure limits the range of fuel flow 
through the fuel delivery system 12. 

[0021] A fuel de-aerator 28 is disposed within the fuel system 12 between the 
tank boost pump 26 and the inlet 32 of the centrifugal pump 36. The fuel de-aerator 28 
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removes dissolved gases from the fuel as the fuel flows from the tank boost pump 26 to the 
inlet 32 of the centrifugal pump 36. The elimination of dissolved gases within the fuel 
reduces the amount of fuel vapor that forms as a result of reduced static pressures. The 
reduction in fuel vapor decreases the minimum net positive suction pressure required to 
prevent undesirable cavitation in the gear pump 38. 

[0022] Referring to Figure 2, graph 42 represents the increased ranges of fuel 
flow provided by removal of dissolved gases from the fuel. Line 44 indicates the relationship 
between fuel flow rate and the net positive suction pressure required at the main fuel pump 
centrifugal stage. As appreciated, the line 44 is in correspondence with an increased range of 
fuel flows corresponding to removal of dissolved gases from within the fuel. Line 48 
corresponds with the operational range for fuel containing dissolved gases. An operational 
range of fuel flow rates is shown for fuel containing dissolved gases 48, and fuel with a 
reduced amount of dissolved gases 44. The operational range of fuel flow rate 46 is 
increased for de-aerated fuels as compared to the operational range of fuel flow rates 50 for 
air saturated fuels. The resulting increase in the operational range of fuel flow rate provides 
increased operational capabilities for the engine assembly 10 without requiring a large 
capacity fuel delivery system 12. 

[0023] Referring to Figure 3, a schematic view of a fuel de-aerator 28' according 
to this invention is shown and includes a plurality of tubes 58 disposed within a housing 52. 
The fuel 40 is flowed around the tubes 58 from an inlet 54 to an outlet 56. Tubes 58 include 
a composite permeable membrane 62 that separates oxygen and nitrogen dissolved within the 
fuel 40. A vacuum pump 66 maintains a vacuum within the tubes 58. The vacuum created 
within the tubes 58 creates a partial pressure differential across the composite permeable 
membrane 62 that draws dissolved oxygen and nitrogen from the fuel 40 into the tubes 58 
and out with the gas permeate stream 64 through the vacuum pump 66. Oxygen and nitrogen 
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removed from the gas permeate stream 64 is then exhausted from the system. The gas 
permeate stream 64 can be recycled into the fuel tank 24. De-aerated fuel exits through the 
outlet 56 and into the inlet 32 of the centrifugal pump 36. 

[0024] Referring to Figure 4, another embodiment of a fuel de-aerator 28" is 
shown and includes a series of fuel plates 74 stacked one on top of the other. The composite 
permeable membrane 62 is included on each of the fuel plates 74 to define a portion of fuel 
passages 76. Fuel enters through an inlet 70 and exists through an outlet 72. An opening 80 
is open to a vacuum source 82. Fuel 40 passes within the fuel passages 76 defined by the 
stacked fuel plates 74. The fuel plates 74 are disposed within the housing 68 that defines the 
inlet 70 and the outlet 72. The use of the fuel plates 74 allows for the adaptation of the fuel 
de-aerator 28" to various applications by the addition or subtraction of fuel plates 74. 
Although embodiments of fuel de-aerators are shown and described, a worker skilled in the 
art with the benefit of this application would understand that other configurations of fuel de- 
aerators are within the contemplation of this invention. 

[0025] Referring to Figure 5, the composite permeable membrane 62 is shown in 
cross-section and preferably includes a permeable layer 84 disposed over a porous backing 
86. The porous backing 86 supplies the required support structure for the permeable layer 84 
while still allowing maximum oxygen diffusion from fuel. The permeable layer 84 is coated 
on to the porous backing 84 and a mechanical bond between the two is formed. The 
permeable layer 84 is preferably a 0.5-20 |Jm thick coating of Teflon AF 2400 over a 0.005- 
in thick porous backing 86 of polyvinylidene fluoride (PVDF) with a 0.25 \Xm pores size. 
Other supports of different material, thickness and pore size can be used that provide the 
requisite strength and openness. Preferably the permeable layer 84 is Dupont Telfon AF 
amorphous fluoropolymer however other materials known to workers skilled in the art are 
within the contemplation of this invention, such as Solva Hyflon AD perfluorinated glassy 
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polymer and Asahi Glass CYTOP polyperfluorobutenyl vinyl ether. Each composite 
permeable membrane 62 is supported on a porous substrate 88. The porous substrate 88 is in 
communication with the vacuum source 82 to create an oxygen partial pressure differential 
across the composite permeable membrane 62. 

[0026] In operation a partial pressure differential is created by the vacuum source 
82 between a non-fuel side 92 of the permeable membrane 62 and a fuel side 90. Oxygen, 
nitrogen and other dissolved gasses indicated at arrows 78 diffuse from fuel 40 across the 
composite permeable membrane 62 and into the porous substrate 88. From the porous 
substrate 88 the oxygen, nitrogen and other dissolved gasses 78 are pulled and vented out of 
the fuel system 12. 

[0027] Fuel system 12 of this invention provides for the removal of dissolved 
gases within the fuel to reduce the minimum required net positive suction pressure. The 
reduction of the net positive suction pressure required improves the operational range of the 
fuel delivery system 12 above the capacity if liquid and dissolved gases were both present. 
Reduction in the net positive suction pressure improves the operational fuel flow range of the 
fuel delivery system 12 without increasing the overall size of the fuel delivery system 12. 

[0028] The foregoing description is exemplary and not just a material 
specification. The invention has been described in an illustrative mariner, and should be 
understood that the terminology used is intended to be in the nature of words of description 
rather than of limitation. Many modifications and variations of the present invention are 
possible in light of the above teachings. The preferred embodiments of this invention have 
been disclosed, however, one of ordinary skill in the art would recognize that certain 
modifications are within the scope of this invention. It is understood that within the scope of 
the appended claims, the invention may be practiced otherwise than as specifically described. 



8 



Express Mail No, EV235995555US 67097-015 

EH'i0926 

For that reason the following claims should be studied to determine the true scope and 
content of this invention. 
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